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I . INTRODUCTION 


The  blast  generated  from  accidental  explosions  in  munition  storage 
magazines  is  the  primary  mechanism  for  damage  to  other  storage 
magazines.  The  free-field  blast  parameters  from  explosions  in  scaled 
model  earth  covered  munition  storage  magazines  were  determined  and 
reported  in  Reference  1,  where  a good  correlation  with  full-scale  test 
results  was  described. 


This  report  will  cover  a general  study  sponsored  by  the  Department 
of  Defense  Explosives  Safety  Board  (DDESB)  to  determine  the  blast  load- 
ing on  model  acceptor  magazines  from  explosions  in  model  donor  magazines 
when  located  at  the  accepted  safe-separation  distances.  The  results 
will  be  compared  to  available  full-scale  data  as  well  as  other  model 
studies . 


The  primary  objectives  of  the  planned  series  of  tests  are  as 


follows 


1.  Determine  the  blast  loading  on  model  acceptor  magazines  placed 
at  safe  separation  distances  to  the  front,  side,  and  rear  of  a model 
donor  magazine. 


2.  Determine  the  validity  of  using  results  from  model  tests  to  pre 
diet  loading  on  full  size  structures. 


II.  TEST  PROCEDURE 


The  test  procedures  followed,  to  meet  the  stated  objectives,  were 
similar  to  those  used  in  Reference  1,  i.e.,  design  the  model  donor  and 
acceptor  magazines,  determine  the  instrumentation  requirements,  and 
develop  the  field  layout. 


A.  Model  Magazine  Designs 


The  designs  of  the  donor  and  acceptor  models  are  described  in  follow 
ing  sections. 


1.  The  Donor  Model.  The  standard  munition  storage  magazine  being 
modeled  for  this  test  program  is  shown  in  Figure  1.  The  dimensions 
associated  with  the  letters  in  Figure  1 are  listed  in  Table  I for  both 
■ ■ — ■ ■ - * — - ■ ■ ... 

lC.  Kingery,  G.  Coulter , G.  Watson,  " Blast  Parameters  from  Explosions 
in  Model  Earth  Covered  Magazines ,"  BRL  Memorandum  Report  No.  2680, 
September  1976. 


gure  1.  Standard  Munition  Storage  Magazine 


Table  I.  Dimensions  of  Structure  and  Model 


Full-Size 

Feet 

Full-Size 

Metres 

1/50  Scale 
Metres 

a 

26 

7.92 

.158 

b 

16 

4.88 

.098 

c 

90 

27.43 

.549 

d 

115 

35.05 

.701 

e 

83 

25.30 

.506 

f 

35.8 

10.91 

.218 

g 

14 

4.27 

.085 

h 

80 

24.38 

.488 

i 

13 

3.96 

.079 

j 

1 

0.305 

.006 

the  full-size  structure  and  l/50th  scaled  model.  The  volume  of  the 
interior  of  the  full-size  structure  is  660  m^. 

For  the  l/50th  scale  model  all  dimensions  were  reduced  by  a factor 
of  50.  Therefore  the  volume  of  the  interior  of  the  model  was  0.00528 
m^.  A 1/50  scaled  model  of  the  interior  arch  and  headwall  of  the  donor 
magazine  is  shown  in  Figure  2.  The  arch  is  .020  aluminum,  the  rear  wall 
.006  m (1/4-inch)  plywood  and  the  headwall  .006  m (1/4-inch)  masonite. 
When  preparing  the  donor  model  for  a test  firing,  a wooden  form  is 
placed  over  the  interior  portion  as  shown  in  Figure  3.  A special 
modeling  sand  is  packed  into  the  wooden  form  giving  a final  configura- 
tion, when  the  form  is  removed,  as  shown  in  Figure  4.  The  sand  used 
for  the  earth  cover  is  80  grit,  and  for  each  45.4  kg  of  sand  a mix  of 
.908  kg  of  Actival  (adhesive),  .908  kg  of  Bentonite  (clay),  and  .000946 
m^  20  wt  motor  oil  (1  quart)  are  blended  to  form  a special  modeling 
sand. 

2.  The  Acceptor  Models.  There  were  three  acceptor  models.  They 
were  also  l/50th  scale  but  were  non-responding  cast  concrete,  and  there- 
fore only  the  exterior  dimensions  of  the  full  size  structure  are  scaled. 
A photograph  of  the  models  is  shown  in  Figure  5.  Gauge  mounts  and 
cable  conduits  were  cast  into  the  concrete.  Note  that  a base  was  added 
to  the  model  which  was  placed  below  the  ground  surface  to  add  greater 
stability. 

Special  gauge  mounts  were  fabricated  to  de-couple  the  gauge  from 
the  concrete  model.  This  was  done  to  overcome  a problem  encountered 
on  previous  tests,  where  the  shock  traversing  the  concrete  reached  the 


gure  2.  Interna]  Portion  of  Mode]  Donor 


Figure  5.  Photograph  of  Acceptor  Models 


r 


8»uge  prior  to  the  air  shock,  causing  spurious  signals  to  be  recorded. 

A gauge  mount  made  of  a soft  plastic  material  (Polylux)  alleviated 
this  problem. 

B.  Test  Charges 

The  test  charges  were  the  same  configuration,  weights,  and  explosive 
as  used  in  Reference  1.  They  were  hemicylindrical  cast  pentolite  weigh- 
ing 0.363  kg,  1.088  kg  and  1.814  kg.  These  scaled  weights  represented 
45360  kg,  136080  kg,  and  226800  kg  of  explosive  stored  in  full-size 
magazines.  The  ratio  of  the  charge  weight  to  storage  volume  should  be 
maintained  when  designing  a model  experiment  to  represent  a full-size 
storage  magazine. 


m 


where 


W = Weight 

V = Volume 

W = Weight 
m ** 

V = Volume 
m 


of  munition  explosive 
of  munition  storage  magazine 
of  model  charge 
of  model  magazine. 


The  program  was  designed  to  simulate  the  blast  from  the  accidental 
explosion  of  226  800  kg,  136  080  kg,  and  45  360  kg  of  explosive  stored 
in  a magazine  having  a volume  of  660  m . The  planned  scaled  charge 
weights  were  1.814  kg,  1.088  kg,  and  0.363  kg  of  explosive  stored  in  a 
model  magazine  having  a volume  of  .00528  m . The  average  weights  of  the 
charges  fired  were  0.357,  1.066,  and  1.792  kg  which  when  multiplied  by 
503  (125  000)  gives  full-scale  weights  of  44  625,  133  250,  and  224  000  kg. 
All  test  layouts  were  based  on  the  planned  charge  weights. 

C.  Test  Instrumentation 

The  test  instrumentation  system  consisted  of  piezo-electric  pressure 
transducers  and  magnetic  tape  recorders. 

1.  Pressure  Transducers.  Piezo-electric  pressure  transducers  were 
used  throughout  the  series  of  tests.  Two  types  were  used,  one  type  was 
the  Susquehanna  Instruments  Model  ST-4  with  tourmaline  sensors,  and  the 
second  type  was  a PCB  Electronics  Inc.,  Model  113A24  which  had  a quartz 
sensing  clement  and  a built-in  source  follower. 

2.  Tape  Recorder  System.  The  tape  recorders  consisted  of  three 
basic  units,  the  power  supply  and  voltage  calibrator,  the  amplifier, 
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and  the  FH  recorder.  The  FM  tape  recorder  used  was  a Honeywell  7600 
having  a frequency  response  of  80  kHz.  Once  the  signal  was  recorded  on 
the  magnetic  tape  it  was  played  back  and  recorded  on  a Honeywell  Model 
1858  Visicorder.  This  oscillograph  has  excellent  frequency  response 
and  the  overpressure  versus  time  recorded  at  the  individual  positions 
were  read  directly  from  the  oscillograph  playback  for  preliminary  data 
analysis.  For  final  analysis  and  reporting  the  magnetic  tapes  were 
processed  through  an  analog  to  digital  converter  and  then  through  a 
computer  and  plotting  routine  where  the  data  were  tabulated  and  plotted 
as  overpressure  and  impulse  versus  time.  The  data  gathering  instrumen- 
tation system  is  shown  in  Figure  6. 

D.  Test  Layout 

The  primary  objective  of  this  test  series  was  to  determine  the 
blast  loading  on  acceptor  magazines  located  at  established  safe-separa- 
tion distances  to  the  front,  side,  and  rear  of  a donor  magazine.  The 
safe  separation  distance  in  metres  is  defined  as  0.80*/'  for  magazines 
located  to  the  front  or  rear  of  the  donor  and  0.5Q*/-*  for  side  to  side 
separation,  where  Q is  the  weight  of  explosive  (in  kilograms)  stored  in 
the  magazine.  The  safe  separation  distance  is  measured  from  interior 
wall  of  the  donor  to  the  interior  wall  of  the  acceptor.  All  gauge 
locations  were  measured  from  the  geometric  center  of  the  donor  magazine 
floor  where  the  center  of  the  explosive  charge  was  placed.  All  charges 
were  detonated  at  the  end  nearest  the  donor  magazine  entrance.  The 
test  layout  showing  donor  and  acceptor  magazines  is  presented  in  Figure 
7. 


1.  Acceptor  Structure  A.  The  1/50  scale  model  of  an  earth  covered 
munition  storage  magazine  located  to  the  front  of  the  donor  magazine 
was  designated  acceptor  structure  A.  The  safe  separation  distances  for 
the  0.363,  1.088,  and  1.814  kg  charges  were  0.571,  0.823,  and  0.976 
metres.  Structure  A was  instrumented  with  eight  pressure  transducers 
as  shown  in  Figure  8 with  each  gauge  location  preceded  by  the  letter  A. 
The  gauge  locations  relative  to  ground  zero  are  listed  in  Table  II  for 
the  three  charge  weights.  Distances  are  in-place  measurements. 


2.  Acceptor  Structure  B.  This  magazine  was  placed  to  the  side  of 
the  donor  as  shown  in  Figure  7.  The  side  to  side  safe  separation 
distance  is  0.5Q*'  . The  safe  separation  distances  for  the  planned 
0.363,  1.088,  and  1.814  kg  charges  were  0.357,  0.514,  and  0.610  metres. 
Structure  B was  instrumented  with  seven  pressure  gauges.  The  locations 
are  shown  in  Figure  9.  Each  gauge  location  is  preceded  by  the  letter 
B.  The  in-place  gauge  distances  from  ground  zero  are  listed  in  Table 
II. 


3.  Acceptor  Structure  C.  Structure  C was  placed  to  the  rear  of 
the  donor  as  shown  in  Figure  7.  The  safe  separation  distances  are  the 
same  for  Structure  C and  Structure  A;  i.e.,  O.SQ1'^.  For  planned 
charge  weights  of  0.363,  1.088,  and  1.814  kg  the  safe  separation 
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Figure  6.  Instrumentation  System 


Figure  H.  Gauge  Station  Locations  on  Structure 


arce  We 


Clause  Station 


Distance  from  G2  in  Metres 


C-l 

c-: 

C-3 

C-4 

C-S 


.496 

.718 

.684 

.672 

.684 

.758 

.849 


B-l 

B-2 

B-3 

B-4 

B-5 

B-6 

B-7 


0.334 

0.569 

0.525 

0.510 

0.525 

0.619 

0.687 


C-8 


.814 
.814 
.814 
.814 
.940 
.958 
. 193 
1.206 


0.754 


.082 
.082 
.082 
.082 
.210 
. 223 
.461 
1.472 


Table  II.  Gauge  Distances  from  Ground  Zero  to  Locations 
on  Structures  A,  B,  and  C 


distances  were  0.571,  0.823,  and  0.976  metres.  The  distances  of  the 
gauge  stations  from  ground  zero  are  listed  in  Table  II.  The  locations 
of  the  gauge  stations  on  acceptor  structure  C are  shown  in  Figure  10. 
Each  gauge  location  is  preceded  by  the  letter  C. 

E.  Test  Matrix 

Ten  charges  were  detonated  during  the  field  testing  phase  of  the 
program.  The  first  shot  was  a calibration  test  using  an  uncovered 
spherical  charge  weighing  0.082  kg.  This  shot  was  fired  to  check  the 
instrumentation  system. 

Shots  2,  3 and  4,  will  be  noted  as  Test  Series  II.  It  consisted  of 
covered  hemicyl indrical  charges  with  an  average  weight  of  1.066  kg. 

Shots  5,  6 and  7 are  noted  as  Test  Series  III.  The  charges  had  an 
average  weight  of  1.792  kg. 

Shots  8,  9 and  10  are  noted  as  Test  Series  1.  The  average  charge 
weight  was  0.357  kg. 


III.  RESULTS 

The  results  will  be  presented  in  the  form  of  arrival  time,  peak 
overpressure,  positive  impulse,  and  overpressure  duration  for  each  gauge 
station  on  the  acceptor  models.  Comparisons  with  other  model  tests  and 
full  scale  data  will  be  made  where  possible.  Three  tests  were  conducted 
for  each  charge  weight  and  therefore  average  values  for  the  three  shots 
will  be  used  in  most  comparisons.  Selected  plots  of  overpressure  versus 
time  at  specific  locations  on  the  models  will  also  be  presented. 

A.  Blast  Loading  on  Structure  A 

Structure  A was  located  to  the  front  of  the  donor  magazine.  The 
separation  distance  was  0.8Ql'*\  The  test  lay-out  is  shown  in  Figure  7. 
The  gauge  station  locations  are  shown  in  Figure  8.  All  stations  were 
instrumented  on  all  shots  fired  in  Test  Series  I (0.357  kg'),  II  (1.066 
kg),  and  III  (1.792  kg').  Selected  records  of  overpressure  and  impulse 
versus  time  for  all  gauge  positions  are  presented  in  Appendix  A. 

1.  Overpressure  on  Rear  Slope  of  Structure  A.  There  were  three 
gauge  locations  on  the  rear  slope  of  Structure  A.  Because  of  the  blast 
focusing  to  the  front  of  the  donor  these  gauge  stations  are  loaded  with 
high  overpressures  as  well  as  detonation  products  and  debris.  Good 
overpressure  versus  time  records  on  the  rear  slope  were  not  obtained 
and  therefore  only  the  first  peak  is  listed  in  Table  III.  It  should  be 
noted  that  although  the  safe  separation  distance  is  a function  of 
charge  weight  the  peak  overpressure  recorded  at  specific  gauge  locations 
increased  as  the  donor  charge  was  increased. 
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2.  Overpressure  and  Impulse  on  the  Top  and  Side  of  Structure  A.  As 
noted  in  Figure  8,  gauge  Stations  A-4  and  A-c  are  on  the  top  of  magazine 
A,  while  Stations  A-5  and  A-7  are  on  the  side  slope.  The  results 
obtained  from  the  three  different  charge  weights  are  listed  in  Table 
III.  One  of  the  most  significant  results  to  be  noted  in  the  loading  on 
the  top  of  Structure  A is,  that  while  the  peak  overpressure  decreases 
with  distance  when  traveling  from  A-4  to  A-6  and  A-5  to  A-7  on  all  three 
test  series,  the  positive  impulse  increases  on  Test  Series  II  and  III. 

When  the  shock  front  moves  up  the  rear  slope  and  expands  over  the 
top  and  around  the  sides  of  the  structure,  the  peak  overpressure  is 
greater  at  Station  A-4  than  A-5,  but  the  duration  and  impulse  are  greater 
at  Station  A-5  than  A-4.  See  example  from  Test  Series  III  in  Figure  11. 
The  expansion  over  the  top  causes  a faster  decay  of  pressure  behind  the 
shock  front  at  location  A-4  than  A-5.  Thus  A-5  has  a longer  duration 
and  larger  impulse.  The  positive  impulse  values  are  listed  in  Table 
III. 

As  the  shock  front  moves  away  from  the  explosive  source  to  Station 
A-6  (top)  and  A-7  (side)  the  peak  overpressure  is  again  greater  at 
Station  A-6  than  A-7,  while  the  positive  impulse  is  greater  at  Station 
A-7  than  A-6.  See  example  from  Test  Series  III  in  Figure  12.  The 
positive  impulse  is  greater  at  Station  A-6  than  at  Station  A-4  and 
greater  at  Station  A-7  than  at  Station  A-5  with  the  exception  of  Test 
Series  I (0.357  kg). 

It  is  quite  evident  in  Table  III  that  the  peak  overpressures  and 
impulses  recorded  at  Stations  A-4,  A-5,  A-6,  and  A-7  all  increase  with 
increasing  charge  weight.  This  observation  means  that  if  a structure 
is  designed  to  withstand  the  blast  loading  from  224000  kg  of  explosive 
at  the  specified  safe  separation  distance  it  will  be  overdesigned  for 
an  explosive  load  of  44625  kg  at  that  specified  safe  separation 
distance. 

3.  Overpressure  and  Impulse  on  the  Headwall  of  Structure  A.  Only 
one  gauge  station  (A-8)  was  located  on  the  headwall  of  this  magazine. 

It  was  on  the  centerline  near  the  top  where  the  entrance  door  would  be 
located.  See  Figure  8 for  dimensions.  The  initial  shock  passing  down 
the  wall  is  relatively  weak  because  of  the  expansion  from  over  the  top, 
but  when  the  reflections  from  the  surface  reach  the  gauge  station  there 
is  a gradual  build-up  of  pressure  which  reaches  two  to  three  times  that 
of  the  initial  shock.  An  example  of  the  overpressure  versus  time  re- 
corded at  Station  A-8  is  presented  in  Figure  13.  The  values  of  the 
initial  peak  and  maximum  peak  overpressure  are  listed  in  Table  III. 

It  should  bo  noted  in  Table  III  that  both  tho  poak  overpressures  and 
impulses  increased  as  the  donor  charge  weight  is  increased. 

The  positive  impulse  recorded  at  Station  A-8  on  Test  Series  II  and 
III  are  of  similar  magnitude  to  that  recorded  on  the  headwall  of 
Structure  C located  to  the  rear  of  the  donor  magazine.  The  build-up 
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kPa-ms 


It  Pa -ms  ItPa  ItPa-ms  ItPa 


of  impulse  on  the  headwall  of  Structure  A is  much  slower  than  the  build- 
up on  Structure  C. 

B.  Blast  Loading  on  Structure  B 


Structure  B was  located  at  a side-to-side  separation  distance  of 

0.5Q1/3  as  shown  in  Figure  7.  There  were  seven  gauge  station  locations 
(B-l  through  B-7)  as  shown  in  Figure  9.  Average  values  of  the  recorded 
blast  parameters  are  listed  in  Table  IV.  Selected  records  of  the  over- 
pressure versus  time  at  each  gauge  station  are  presented  in 
Appendix  B. 

1 . Overpressure  and  Impulse  on  Front  Slope  - Station  B-l.  There 
was  only  one  gauge  station  (B-l)  on  the  slope  nearest  the  donor  magazine. 
This  gauge  station  was  always  the  nearest  to  ground  zero  and  was  sub- 
jected to  high  overpressure  and  impulse  as  well  as  ground  shock 
acceleration.  The  model  was  always  displaced  upward  and  away  from  the 
explosive  source. 

Although  the  scaled  distances  (m/kg1//3)  of  the  gauge  station  are 
almost  equal,  for  the  three  charge  weights  the  peak  overpressure  shows 
an  increase  with  an  increase  in  charge  weight.  Because  the  volume  of 
the  interior  of  the  donor  magazine  remains  constant  and  the  earth  cover 
remains  constant  it  requires  a smaller  percentage  of  the  total  energy 
of  the  explosive  to  remove  the  earth  cover.  Therefore,  a higher  peak 
overpressure  is  recorded  for  the  larger  charge  weights. 

2.  Overpressure  and  Impulse  on  Headwall  - Station  B-2.  The  location 
of  Station  B-2  is  shown  in  Figure  9.  On  Test  Series  I (Shot  10)  the 
wave  shape  shows  only  small  reflections  superimposed  on  an  almost 
classical  pressure  versus  time  decay;  see  Figure  14. 

On  Test  Series  II  (Shot  2)  gauge  Station  B-2  recorded  an  initial 
shock  followed  by  a reflected  shock  almost  equal  in  magnitude  to  the 
first.  It  is  surmised  that  this  second  shock  is  a reflection  from  the 
ground  surface  moving  back  up  the  headwall. 

Results  from  Tbs t Series  III  (Shot  7)  show  an  incident  and  reflected 
shock  but  the  second  shock  is  much  less  in  magnitude  than  the  first 
shock.  The  values  of  overpressure  were  quite  consistant  for  the  three 
shots  fired  in  Test  Series  III. 

The  positive  impulse  values  were  repeatable  within  each  series  and 
show  an  expected  increase  with  increase  in  charge  weight.  Average 
values  of  peak  overpressure  and  impulse  are  listed  in  Table  IV. 

3.  Overpressure  and  Impulse  on  Top  of  Structure  B.  The  over- 
pressure and  impulse  loading  on  the  top  of  Structure  B were  recorded 
at  three  locations,  B-3,  B-4,  and  B-5.  The  results  will  be  presented 
by  describing  the  loading  at  each  position  for  a specific  test  series. 
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Figure  14.  Overpressure  versus  Time,  Station  B-2, 
Test  Series  I,  II,  and  III 
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Blast  parameters  are  listed  in  Table  IV. 

a.  Test  Series  I.  An  average  charge  weight  of  0.357  kg  was 
used  as  the  donor  charge  for  this  test  series.  The  records  of  over- 
pressure versus  time  are  not  consistent  at  a given  gauge  station  for 
similar  charge  weights.  On  Shot  8 at  Station  B-3  a single  peak  was 
recorded  while  on  Shots  9 and  10  two  peaks  were  recorded.  Gauge 
Stations  B-3  and  B-5  were  similar  while  Station  B-4  recorded  three 
separate  shocks  both  increasing  and  decreasing  in  magnitude.  Over- 
pressure versus  time  records  for  gauge  Stations  B-3,  B-4,  and  B-5  for 
Test  Series  I are  presented  in  Figure  IS. 

The  positive  impulses  recorded  at  the  three  gauge  stations  were 
more  repeatable  within  a test  series  than  the  peak  overpressures . In 
test  Series  1 the  average  impulse  from  the  three  gauge  stations  was 

0. 722  bar-ms,  72.2  kPa-ms,  or  10.47  psi-msec. 

b.  Test  Series  II.  Test  Series  II  was  conducted  with  an 
average  charge  weight  of  1.066  kg  of  pentolite.  The  records  of  over- 
pressure versus  time  were  very  consistent  at  the  individual  gauge 
stations  for  the  three  shots.  Data  scatter  were  within  plus  or  minus  6 
percent  of  an  arithmetic  mean.  The  average  peak  overpressure  recorded 
at  Station  B-3,  B-4,  and  B-5  was  4.60  bar,  460  kPa,  or  66.7  psi.  Gauge 
Station  B-3  recorded  a higher  mean  value  than  B-4  or  B-5.  The  records 
of  overpressure  versus  time  presented  in  Figure  16  show  only  small  vari- 
ations in  the  peak  values. 

The  positive  impulse  recorded  at  individual  gauge  stations  were 
within  plus  or  minus  3 percent  of  an  arithmetic  mean  for  the  three 
repeat  shots.  The  positive  impulse  recorded  at  the  three  gauge  stations 
for  the  three  shots  of  Test  Series  II  fell  within  a plus  or  minus  5 
percent  range  of  an  arithmetic  mean.  This  average  overpressure  impulse 
was  1.095  bar-ms,  109.5  kPa-ms  or  15.9  psi-msec. 

c.  Test  Series  III.  In  Test  Series  III  the  average  weight  of 
the  three  charges  was  1.792  kg.  The  peak  overpressures  recorded  at  the 
individual  gauge  stations  for  the  three  shots  were  very  repeatable  with 
the  spread  being  only  a few  percent  about  the  mean.  The  same  trend  in 
average  pressure  values  is  seen  in  this  series  as  noted  in  Series  11; 

1. e..  Station  B-3  records  a higher  mean  value  of  peak  overpressure  than 
Stations  B-4  or  B-5.  The  average  peak  overpressure  recorded  at  the  three 
stations  for  the  three  shots  in  Test  Series  111  is  6.0  bar,  600  kPa  or 
87.1  psi.  Overpressure  versus  time  recorded  at  stations  B-3,  B-4,  and 
B-5  on  Shot  6,  Test  Series  III  is  presented  in  Figure  17. 

Average  impulse  values  determined  from  Stations  B-3,  B-4,  and  B-5 
for  Test  Series  III  are  listed  in  Table  IV.  There  was  very  little 
scatter  in  the  recorded  values  from  shot  to  shot.  The  average  positive 
impulse  for  all  stations  for  the  three  shots  was  1.237  bar-ms,  123.7 
kPa-ms,  or  17.9  psi-msec. 
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Figure  16.  Overpressure  versus  Time,  Station  B-3,  B-4, 
and  B-5,  Shot  4,  Test  Series  II 


It  should  be  noted  that  from  gauge  Stations  B-3,  B-4,  and  B-5, 
gauge  Station  B-4  always  recorded  the  lowest  average  peak  overpressure 
but  always  recorded  the  highest  average  positive  impulse  value  on  Test 
Series  II  and  III. 

4.  Overpressure  and  Impulse  on  End  Slope  - Station  B-6.  There  was 
only  one  gauge  station  (B-6 j located  on  the  end  slope  of  Structure  B. 

All  records  of  overpressure  versus  time  had  an  initial  pressure  rise 
followed  by  a classical  pressure  decay  behind  the  shock  front.  There 
was  very  little  scatter  in  peak  overpressure  or  positive  impulse  values 
within  each  series  of  shots.  The  results  are  listed  in  Table  IV,  with 
an  example  of  the  recorded  overpressure  and  impulse  versus  time  for 
Shot  5,  Test  Series  III,  presented  in  Figure  18. 

5 . Overpressure  and  Impulse  on  the  Back  Slope  - Station  B-7.  The 
side  of  the  structure  away  from  the  donor  was  instrumented  with  one 
gauge  station  (B-7).  Location  is  shown  in  Figure  9.  There  are  multiple 
peaks  in  the  records  of  overpressure  versus  time  from  Test  Series  I. 

The  multiple  reflections  are  similar  to  those  recorded  at  Station  B-4 

on  Test  Series  I,  and  may  have  propagated  back  to  Station  B-7;  see 
example  from  Shot  9,  Figure  19. 

On  test  Series  II  the  peak  overpressure  and  positive  impulse  both 
show  excellent  repeatability.  The  variation  in  the  three  shots  was 
less  than  plus  or  minus  2 percent  of  the  mean  values.  Example  of  over- 
pressure versus  time  is  given  in  Figure  19,  for  Shot  4. 

Results  from  Test  Series  III  also  show  good  repeatability  from 
shot  to  shot.  The  records  of  overpressure  versus  time  from  the  three 
shots  are  quite  similar.  An  example  of  the  overpressure  versus  time 
recorded  on  Shot  6 is  presented  in  Figure  19.  Recorded  values  of  the 
positive  impulse  are  well  within  acceptable  accuracy  of  ± 10  percent. 

Average  values  of  the  blast  parameters  for  gauge  Station  B-7  are 
listed  in  Table  IV. 

C.  Blast  Loading  on  Structure  C 

The  blast  loading  on  Structure  C will  be  treated  in  two  phases. 

Phase  1 will  include  the  loading  on  the  headwall  and  door  while  Phase 
2 will  cover  the  loading  on  the  top  and  side  of  the  structure.  The 
safe  separation  distance  was  0.8Q*'3  for  the  structure  to  the  rear  of 
the  donor.  There  were  eight  gauge  stations.  The  locations  are  shown 
in  Figure  10.  Average  values  of  the  blast  parameters  recorded  for  the 
three  shots  in  each  test  series  are  listed  for  the  eight  gauge  stations 
in  Table  V. 


1.  Overpressure  and  Impul$e  on  Headwall  of  Structure  C.  The  blast 
loading  on  the  headwall  and  door  of  Structure  C consist  of  incident  and 
reflected  shocks  striking  the  upper  two  thirds  of  the  headwall  while  a 
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Table  V.  Blast  Parameters  Loading  Structure 
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Mach  stem  shock  strikes  the  lower  third.  Gauge  Station  F-l  was  located 
0.060  metres  to  the  front  of  the  structure  and  mounted  flush  with  the 
ground  surface.  A general  description  of  the  shock  loading  will  be 
given,  which  will  apply  to  the  three  test  series. 

If  we  assume  that  when  the  blast  wave  propagates  out  of  the  rear  of 
the  donor  magazine  and  travels  down  the  26.6  degree  rear  slope,  it 
tends  to  become  perpendicular  to  the  slope  as  shown  in  Figure  20.  Upon 
reaching  the  ground  surface,  if  the  angle  of  incidence  is  assumed  to  be 
63.4  degrees,  then  a Mach  stem  will  form  and  the  ground  surface  will  be 
in  the  Mach  reflection  region  while  above  the  triple  point  there  will 
be  an  incident  and  reflected  shock.  Upon  shock  arrival  at  the  acceptor 
structure  the  headwall  and  door  will  be  subjected  to  a very  complex 
loading  with  the  reflection  of  the  incident  wave,  reflected  wave,  and 
Mach  stem  wave.  The  assumed  interactions  are  shown  in  Figure  21.  The 
height  of  the  triple  point  op  the  headwall  and  door  can  be  determined 
by  extrapolating  the  time  of  arrival  between  the  incident  and  reflected 
shocks  at  gauge  Stations  C-3  and  C-2  to  zero  time.  On  five  shots, 
incident  and  reflected  shocks  were  recorded  at  gauge  Station  C-4  which 
means  on  these  five  shots  it  was  above  the  triple  point  and  on  four 
shots  it  was  below  the  triple  point.  At  gauge  Station  C-l  a single 
shock  was  always  recorded  showing  it  was  always  below  the  triple  point 
and  that  the  Mach  stem  pressure  was  being  reflected  on  the  lower  portion 
of  the  headwall.  The  overpressure  versus  time  recorded  at  the  four 
gauge  stations  is  presented  in  Figure  22  for  Shot  8,  Test  Series  I. 

Some  general  observations  noted  concerning  the  reflected  over- 
pressure recorded  on  the  front  wall  of  Structure  C are  discussed  as 
follows.  At  Gauge  Station  C-3  the  first  reflected  overpressure  was 
higher  than  the  first  reflected  overpressure  recorded  at  Gauge  Station 
C-2,  and  the  first  reflected  overpressure  recorded  at  Gauge  Station  C-2 
is  greater  than  the  first  reflected  overpressure  recorded  at  Gauge 
Station  C-4.  This  observation  is  shown  in  Figure  22.  The  magnitude  of 
the  second  reflected  peak  overpressure  is  a function  of  the  time  interval 
between  the  two  shocks.  This  phenomenon  is  shown  on  Test  Series  II, 
in  Figure  23,  where  it  can  be  seen  that  as  the  time  interval  between  the 
two  shocks  decreases  the  magnitude  of  the  second  reflected  shock  in- 
creases. The  time  interval  between  the  two  shocks  is  a function  of  the 
height  of  the  triple  point.  The  lower  the  triple  point,  the  larger  the 
time  interval.  At  Station  C-2  (Figure  23)  the  time  interval  between 
the  two  shocks  is  the  largest  on  Shot  2 and  on  that  shot  the  triple 
point  was  below  Station  C-4.  The  magnitudes  of  the  first  reflected 
shock  overpressures  will  be  discussed  in  a later  section. 

The  magnitude  of  the  positive  impulse  recorded  on  the  headwall  of 
Structure  C is  a function  of  the  donor  charge  weight  and  the  gauge 
station  location.  The  closer  a gauge  station  location  is  to  the  top  or 
side  slope  of  the  structure  the.  sooner  a rarefaction  wave  will  reach 
the  gauge  station  causing  a more  rapid  relief  of  the  reflected  over- 
pressure. Following  this  reasoning  the  positive  impulse  should  increase 
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igure  21.  Shock  Interactions  on  Headwall  of  Structure 


in  magnitude  from  Station  C-3  to,  C-2,  to  C-l,  and  be  the  largest  at 
Station  C-4.  In  Table  V it  can  be  seen  that  this  is  the  trend  that  was 
established  for  each  test  series. 

2.  Overpressure  and  Impulse  on  the  Top  and  Sides  of  Structure  C. 

The  two  gauge  station  locations  on  the  top,  C-5  and  C-7,  are  shown  in 
Figure  10.  Also  shown  in  Figure  10  are  the  locations  on  the  side  slope, 
for  gauge  Stations  C-6  and  C-8.  The  average  values  of  peak  overpressure 
and  positive  impulse  recorded  for  each  test  series  are  listed  in  Table 
V.  Although  there  is  only  a small  difference  in  the  distances  that 
gauge  Stations  C-5  and  C-6  are  from  the  explosive  center,  Station  C-6 
records  approximately  20  percent  lower  peak  overpressures  than  Station 
C-5.  This  difference  is  a function  of  the  angle  at  which  the  incident 
wave  strikes  the  surface  of  the  top  and  side  of  the  structure.  In 
Figure  21  it  can  be  seen  that  if  the  assumed  angle  at  which  the  incident 
wave  strikes  the  top  of  the  structure  is  63.4  degrees  then  a Mach  stem 
will  form.  From  the  measured  peak  overpressure  at  Station  C-5  the 
incident  shock  pressure  can  be  inferred.  The  peak  overpressure  recorded 
at  Station  C-6  is  much  less  because  the  angle  of  incidence  is  greater 
and  the  reflection  factor  is  smaller.  Overpressure  and  impulse  versus 
time  recorded  at  gauge  Stations  C-5  and  C-6  on  Shot  6,  Test  Series  III 
are  presented  in  Figure  24.  These  records  are  also  representative  of 
the  Test  Series  I and  II  results. 

The  positive  impulses  determined  from  gauge  Stations  C-5  and  C-6 
are  within  ± 3 percent  of  an  arithmetic  mean  for  each  test  series. 

It  can  be  seen  in  Table  V that  the  difference  in  distance  that 
Stations  C-7  and  C-8  are  from  ground  zero  is  small,  but  as  shown  in  the 
previous  comparison,  the  peak  overpressure  is  less  at  Station  C-8,  (the 
side  slope  location)  than  Station  C-7  (the  top  location).  The  over- 
pressure and  impulse  versus  time  as  recorded  at  Stations  C-7  and  C-8  on 
Shot  3,  Test  Series  II,  are  presented  in  Figure  25.  Note  the  time  and 
impulse  scales  are  different  for  the  two  records. 

The  positive  impulse  recorded  at  gauge  Station  C-7  is  much  lower 
than  expected  on  all  test  series.  It  can  be  seen  in  Table  V and 
Figure  25  that  the  duration  of  the  positive  pressure  pulse  is  much  less 
at  Station  C-7  than  Station  C-8.  One  explanation  for  the  short  duration 
and  low  impulse  at  gauge  Station  C-7  is  that  the  expansion  of  the  shock 
down  the  rear  slope  and  sides  of  the  structure  causes  a rarefaction  wave 
to  reach  the  station  thereby  giving  a faster  decay  of  pressure  behind 
the  shock  front  and  therefore  a shorter  duration  and  lower  impulse  than 
recorded  at  Station  C-8. 
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Figure  25.  Overpressure  and  Impulse  versus  Time, 
Stations  C-7  and  C-8,  Shot  3,  Scries  11 
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IV.  COMPARISON  OF  RESULTS 

The  comparison  of  the  data  from  this  series  of  tests  with  other 
scaled  mode]  tests  and  available  full-scale  tests  results  will  be  done 
on  a full-scale  test  basis.  In  order  to  compare  the  U.S.,  1/S0th 
model  results  with  the  UK,  l/10th  scale  results2  both  will  be  scaled  to 
full-size. 

A.  Comparison  of  Blast  Loading  on  Structure  A 

A comparison  of  peak  overpressure  and  positive  impulse  recorded  on 
the  US  model  will  be  made  with  the  same  parameters  recorded  on  the  UK 
model.  The  UK  and  US  relative  gauge  locations  are  shown  in  Figure  2b. 

They  remain  constant  on  the  models  for  all  charge  weights.  The  UK  donor 
model  had  a rectangular  cross-section  rather  than  an  arch  cross-section 
as  the  US  model  shown  in  Figure  1.  A sketch  of  the  UK  1/10  scale  donor 
model  is  shown  in  Figure  27.  Because  of  the  difference  in  the  length 
of  the  donor  models,  the  scaled-up  or  full  size  distances  from  the 
center  of  the  donor  charge  to  the  recording  stations  vary  for  each  charge 
weight.  The  interior  volume  of  the  US  donor  would  be  bbO  nr'  and  the  UK 
donor  729  m^.  The  scaled-up  charge  weights,  distances,  peak  overpressures, 
and  positive  impulses  for  UK  gauge  Stations  3 and  4,  and  US  gauge 
Stations  A-4  and  A-b  are  listed  in  Table  VI.  It  appears  in  Table  VI 
that  the  peak  overpressure  recorded  on  both  models  are  charge  weight 
dependent;  i.e.,  as  the  charge  weight  increases  the  overpressure  values 
listed  increase.  One  reason  for  this  dependency  is  the  definition  of 
"safe  separation"  distances  as  the  distance  from  the  rear  interior  of 
the  acceptor  to  the  front  wall  of  the  donor  rather  than  the  center  of 
the  explosive  source  within  the  donor.  Note  that  as  the  charge  weight 
increases  the  scaled  distance  from  the  center  of  the  explosive  source 
(GZ)  decreases  within  the  UK  and  US  tests.  Therefore  higher  peak  over- 
pressure would  be  expected  at  the  smaller  scaled  distances. 

Although  the  donor  magazine  used  in  the  UK  and  US  test  scries  were 
quite  different  in  scale,  interior  design,  and  structural  materials, 
similar  trends  are  noted  in  comparisons  of  peak  overpressure  and 
positive  impulse  made  in  Table  VI. 

As  noted  in  the  Results  Chapter,  Section  A. 2,  for  charge  weights 
greater  than  44b2S  kg,  there  is  a significant  increase  in  positive 
impulse  as  the  shock  wave  moves  from  gauge  Station  A-4  to  A-b.  This 
trend  was  also  recorded  on  the  UK  test  series  as  the  shock  wave  moved 
from  Station  3 to  Station  4. 


2 UK  Report,  "Blast  and  Frojeotions  from  Model  Igloos,"  Report  No.  ETN 
124-76,  Proof  and  Experimental  Establishment,  Shoeburgness 
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B.  Comparison  of  Blast  Loading  on  Structure  B 


Data  that  can  be  used  for  comparing  the  blast  loading  on  Structure 
B with  full-scale  or  other  model  tests  are  quite  limited,  A comparison 
will  be  made  between  the  results  recorded  on  ESKIMO  III3.  The  donor 
charge  consisted  of  158900  kg  of  Tritonal  encased  in  M117  bombs.  A 
reduction  factor  of  0.753,  presented  in  Reference  3,  was  used  to  account 
for  bomb  casing,  giving  119652  kg  Tritonal  equivalent.  Therefore  a 
comparison  will  be  made  with  model  test  data  from  Test  Series  II  (1.066 
kg)  pentolite  scaled  to  full  size  (133250  kg).  The  location  of  the 
gauge  positions  on  ESKIMO  III  are  shown  in  Figure  28.  Gauge  locations 
on  model  Structure  B were  shown  in  Figure  9. 

The  values  of  peak  overpressure  and  positive  impulse  reported  in 
Reference  3 are  listed  in  Table  VII  along  with  the  values  of  peak  over- 
pressure and  positive  impulse  listed  in  Table  IV  for  the  1.066  kg  charge 
scaled  up  to  full  scale  (133250  kg).  In  general  the  peak  overpressures 
recorded  on  the  ESKIMO  III  structures  were  higher  than  those  recorded 
on  the  model  structure  but  the  positive  impulse  values  show  a fair 
agreement. 

A comparison  of  the  peak  overpressures  and  positive  impulses  over 
the  full  scale  structure  is  made  in  Figures  29  and  30. 

C.  Comparison  of  Blast  Loading  on  Structure  C 

A discussion  of  the  comparison  of  blast  loads  on  a storage  magazine 
located  to  the  rear  of  the  donor  will  be  divided  into  two  areas.  The 
first  will  be  the  headwall  and  door  while  the  second  area  will  be  the 
blast  load  on  the  top  surface  of  the  structure. 

1 . Comparison  of  UK  and  US  Model  Results  on  Headwall  of  Structure 
to  Rear  of  Donor.  Four  US  gauge  locations  were  installed  on  the  head- 
wall  of  Structure  C.  These  locations  are  shown  in  Figure  31.  The 
relative  locations  of  three  UK  gauge  positions,  18,  19,  and  20,  taken 
from  Reference  2,  are  also  shown  in  Figure  31.  For  a direct  comparison, 
the  results  from  the  US  l/50th  scaled  model  and  the  UK  l/10th  scaled 
model  have  been  scaled  to  full  size.  There  were  four  charge  weights 
used  in  the  UK  test  series.  They  were  8,  64,  125,  and  216  kg.  The 
scale  factor  is  10^  for  full  size.  Results  of  the  peak  overpressure  on 
the  front  headwall  and  door  of  a full  size  structure  are  presented  in 
Table  VIII.  The  positive  impulses  on  the  same  full  size  structure  are 
presented  in  Table  IX. 

Because  of  the  sensitivity  of  the  peak  values  of  the  reflected 
shocks  to  arrival  times  and  the  height  of  the  Mach  stem  the  comparison 
of  overpressure  impulse  loading  on  the  headwall  and  door  is  much  better 

3F.  H.  Weals,  "ESKIMO  III  Magazine  Separation  Tests, " Naval  Weapons 
Center  Report  NWC  TP  5771,  February  1976. 
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ACCEPTOR  B DONOR  ACCEPTOR  A 


Table  VII.  Comparison  of  Blast  Loading  on  Acceptor 
to  Side  of  Donor 


Distance 


Reference 

Gauge 

Location 

from 

GZ 

Peak 

Overpressure 

Overpressure 

Impulse 

m 

bar 

kPa 

psi 

bar-ms 

kPa-ms  psi -msec 

E III 

2a 

22.6 

7.6 

760 

110 

- 

- 

- 

2b 

22.6 

8.3 

830 

120 

55.4 

5540 

803 

M 

B-l 

24.8 

9.4 

940 

136 

70.2 

7020 

1018 

E III 

5a 

28.7 

11.4 

1140 

165 

46.7 

4670 

677 

E III 

10a 

33.8 

5.1 

510 

74 

42.5 

4250 

616 

10c 

33.8 

3.8 

380 

55 

41.4 

4140 

600 

M 

B-2 

35.9 

5.2 

520 

75 

46.6 

4640 

673 

E III 

10b 

39.6 

4.1 

410 

59 

40.9 

4090 

593 

lOd 

39.6 

2.8 

280 

41 

54.8 

5480 

795 

E III 

6a 

31.7 

5.5 

550 

80 

36.5 

3650 

529 

6b 

31.7 

6.6 

660 

96 

55.6 

5560 

806 

M 

B-3 

34.2 

5.0 

500 

72 

54.3 

5430 

787 

M 

B-4 

33.6 

4.3 

430 

62 

56.5 

5650 

819 

M 

B-5 

34.2 

4.5 

450 

65 

53.5 

5350 

776 

E III 

11a 

37.8 

5.6 

560 

81 

42.9 

4290 

622 

lib 

37.8 

5.9 

590 

86 

44.3 

4430 

642 

M 

B-6 

37.9 

3.5 

350 

51 

43.6 

4360 

632 

M 

B-7 

42.5 

2.4 

240 

35 

41.8 

4180 

606 

E III 

12a 

43.5 

2.8 

280 

41 

33.4 

3340 

484 

Reference  E III  - ESKIMO  III  (119  652  kg  Tritonal) 


M - Model  scaled  to  full  size  (133  250  kg  Pcntolite) 


240  □ 280 


Figure  30.  Positive  Impulse  (kPa-ms)  Comparison,  Model  versus  ESKIMO  III 


^ u u 

O O O 


GO 

^ *— 
I I 
U X 


O 


^1.  Gauge  locations  on  Front  of  US  Model 
Structure  C.  and  IJK  Model  Structure  3 


Tabic  VI II.  Peak  Overpressure  on  lleadwall  of  Structure 

to  Rear  of  Donor 


UK  Results 


Charge 


Gauge  Stations 


Weight 

GZ  to  Headwall 

17 

18 

19 

20 

kg 

m 

kPa 

kPa 

kPa 

kPa 

8000 

24 

225/170 

97/145 

200/248 

214/172 

64000 

40 

300/326 

862 

317/621 

331/493 

125000 

45 

350/448 

448/848 

400/793 

428/690 

216000 

53 

360/665 

1630 

421/834 

462/745 

US  Results 


Charge 

Weight 

GZ  to  Headwall 

F-l 

Gauge  Stations 

C-l  C-2  C-3 

C-4 

kg 

m 

kPa 

kPa 

kPa 

kPa 

kPa 

44625 

38 

311/388 

967 

496/538 

550/339 

449/794 

133250 

51 

333/506 

1075 

511/782 

528/503 

415/1140* 

224000 

58 

345/525 

1144 

523/853 

541/607 

404/1092* 

NOTH:  1.  Values  separated  by  / indicates  an  initial  shock  followed 
by  a reflected  shock. 

2.  UK  gauge  Station  17  and  US  gauge  Station  F-l  are  mounted 
flush  with  the  ground  surface  3 metres  (full-scale')  in 
front  of  the  hcadwall. 

★ 

Two  shocks  occurred  on  one  of  three  shots. 


* 

% 


Table  IX.  Positive  Impulse  on  Headwall  of  Structure 
to  Rear  of  Donor 


UK  Results 


Charge  Gauge  Stations 


Weight 

GZ  to  Headwall 

17 

18 

19 

20 

kg 

m 

kPa-ms 

kPa-ms 

kPa-ms 

kPa-ms 

8000 

24 

2010 

1850 

2270 

2190 

64000 

40 

3780 

5770 

5120 

5030 

125000 

45 

5720 

8370 

7810 

7830 

216000 

53 

6880 

10780 

9640 

9430 

US  Results 


Charge  Gauge  Stations 


Weight 

GZ  to  Headwall 

F-l 

C-l 

C-2 

C-3 

C-4 

kg 

m 

kPa-ms 

kPa-ms 

kPa-ms 

kPa-ms 

kPa-ms 

44625 

38 

3750 

5760 

5200 

4610 

6900 

133250 

51 

5050 

7340 

7280 

5130 

9080 

224000 

58 

5800 

8720 

8050 

7010 

11020 

See  Note  2 of  Table  VIII. 


than  the  peak  overpressure  values.  The  UK  gauge  stations  are  rather 
closely  grouped  and  there  is  only  a small  spread  in  the  three  impulse 
values  recorded  on  each  shot.  The  US  gauge  stations  are  widly  spaced 
and  since  the  impulse  is  a function  of  gauge  location  it  can  be  seen 
that  Station  C-4  always  recorded  the  largest  overpressure  impulse  values 
and  Station  C-3,  because  it  was  closest  to  the  source  of  a rarefaction 
wave,  always  recorded  the  smallest  positive  impulse  for  specific  yields. 

2.  Comparison  of  Predictions  with  experimental  Results.  If  the 
phenomenon  as  described  in  Section  111,  Paragraph  C-l  and  shown  in 
Figures  20  .and  21  is  valid  then  it  should  be  possible  to  predict  the 
initial  shock  reflecting  on  the  headwall  and  door  of  the  Structure  C. 
Based  on  experimental  data  presented  in  Reference  4,  and  the  Whitham 
Theory' , the  pressure  along  the  Mach  stem  can  be  predicted  if  the  angle 
of  incidence  and  strength  of  the  incident  shock  are  known.  Conversly, 
if  the  Mach  pressure  and  angle  of  the  incident  shock  are  known,  then 
the  strength  of  the  incident  shock  can  be  predicted.  In  Figure  32, 
incident  pressure  as  a function  of  the  measured  Mach  pressure  at  an 
assumed  angle  of  63.4  degrees  is  presented  (see  Figure  20). 

If  we  assume  that  the  angle  of  incidence  of  the  shock  striking  t he 
headwall  of  the  structure  is  26,6  degrees,  (see  Figure  21)  then  the 
strength  of  the  shock  can  be  determined  from  regular  reflection  theory0’. 
A plot  of  the  incident  pressure  as  a function  of  the  measured  reflected 
pressure  on  the  front  surface  of  the  headwall  for  an  assumed  angle  of 
incidence  of  26.6  degrees  is  presented  in  Figure  33. 

A comparison  of  the  predicted  incident  peak  overpressure  determined 
from  the  measured  Mach  pressure  and  reflected  pressure  at  US  gauge 
Station  F-l  and  UK  gauge  Station  17,  US  gauge  Station  C-4  and  UK  gauge 
Stations  19  and  20,  and  US  gauge  Station  C-5  and  UK  gauge  Station  21, 
for  the  various  charge  weights  scaled  to  full  size  is  presented  in 
Table  X.  It  must  be  remembered  that  reflection  factors  are  very  sensi- 
tive to  angle  of  incidence  of  the  shock  front  and  the  actual  angles  of 
incidence  may  be  quite  different  from  those  chosen  in  this  analysis. 

From  Table  X it  can  be  seen  that  for  charge  weights  greater  than  64000 
kg  the  average  inferred  incident  shock  overpressure  at  US  F-l  and  Ilk  1 ~ 
is  1.99  bar,  199  kPa,  or  28.9  psi.  When  this  shock  reaches  US  Station 
C-4  or  UK  Stations  19  - 20  it  has  decayed  to  1.47  bar,  147  kPa,  or 
21.3  psi.  This  is  approximately  a 2S  percent  decay  in  the  peak  over- 
pressure in  traveling  from  US  Station  F-l  to  C-4.  US  gauge  Station  C-3 

**/i.  9.  Arave  and  N.  R.  Wallace,  "Dynamic  Pr'cssure  /iwm  Blast  Waves: 
Methods  for  Predicting  the  Effects  of  Temin,"  PARA- 17$:',  Febnuwj 
1966. 

5C.  B.  Whitham,  "A  Nets  Approach  to  Problems  of  Shc>ck  Dynamics ,"  P . Fluid 
Mech.,  Vol.  2,  19b? , p.  146. 

.V.  Kingery  arui  B.  F.  Paymill,  "Parametric  Analysis  of  the  Regular 
Reflection  of  Air  Blast,"  BRL  Report  No.  1749,  Pune  1964. 
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REFLECTED  OVERPRESSURE 


Table  X.  Predicted  Incident  Peak  Overpressure 


Charge 

Reference  Weight 


IS 

V 

S 


125000 

133250 

216000 

224000 


Station 
US  F-l 
UK  17 


350 

333 

360 

345 


Station 
US  C-4 
UK  19-20 


Station 
US  C-5 
UK  C-21 


rI 

n 

I 

m 

1 

kPa 

kPa 

kPa 

kPa 

kPa 

118 

207 

78 

101 

50 

175 

449 

154 

237 

128 

167 

324 

118 

- 

- 

201 

412 

145 

258 

140 

190 

415 

146 

263 

142 

207 

442 

154 

287 

158 

197 

404 

142 

268 

145 

From  Figure  32  (Predicted! 
From  Figure  33  (Predicted! 
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recorded  an  average  reflected  peak  overpressure  of  540  kPa  and  from 
figure  33  would  predict  an  incident  peak  overpressure  of  181  kPa  which 
is  in  the  right  order  of  magnitude.  US  gauge  Station  C-2  (see  figure 
31  for  location)  recorded  an  average  reflected  peak  overpressure  of 
510  kPa  and  from  figure  33  this  would  predict  an  incident  pressure  of 
174  kPa.  The  inferred  incident  overpressure  has  decayed  from  f-1,  to 
C-3,  to  C-2,  to  C-4,  values  of  199  kPa  to  181  kPa,  to  174  kPa , to 
147  kPa,  or  from  28.9  psi  to  21.3  psi. 

l)S  gauge  Station  C-l  was  always  below  the  triple  point  and  recorded 
a single  peak  reflected  overpressure.  From  Reference  6,  the  incident 
pressure  can  be  determined  if  the  head-on  reflected  peak  overpressure 
is  known.  In  Figure  34,  the  incident  peak  overpressure  versus  the 
head-on  reflected  peak  overpressure  is  presented.  In  Table  VIII  peak 
reflected  overpressures  recorded  at  Station  C-l  for  Test  Series  1,  11 
and  111  are  listed  as  967,  1075,  and  1144  kPa.  from  figure  34  this 
would  imply  a Mach  stem  pressure  of  269,  288,  and  301  kPa  should  be 
striking  the  lower  portion  of  the  structure.  These  values  are  consistent 
with  the  initial  shock  overpressures  of  311,  333,  and  345  kPa  recorded 
at  US  Station  f-1.  A decay  in  peak  overpressure  of  approximately  13 
percent  would  be  inferred  in  traveling  from  Station  F-1  to  Station  IN). 

from  the  preceding  discussion  it  should  be  possible  to  predict  the 
initial  reflected  shock  loading  on  the  headwall,  and  door,  of  an  acceptor 
magazine  located  to  the  rear  of  a donor  magazine  from  a free  field 
measurement  made  flush  with  the  surface  of  the  ground  at  a distance  in 
front  of  the  structure  less  than  the  height  of  the  magazine.  It  should 
also  be  possible  to  predict  the  same  initial  shock  loading  from  a free 
field  measurement  made  at  a distance  of  0.8Q1/-'  and  at  one  structure 
height  above  the  surface.  It  is  of  interest  to  note  that  in  Reference 
2,  UK  Station  16  was  located  a distance  of  0.8Q1/-'  along  a 118  degree 
line  at  a full  scale  height  of  6.1  metres  above  the  ground  surface. 

The  incident  peak  overpressures  for  the  four  tests  were  55,  156,  227, 
and  224  kPa  versus  predicted  values  from  UK  gauge  Station  17  of  120,  167, 
202,  and  208  kPa  as  presented  in  Table  X.  One  measurement  was  made  on 
t he  ground  surface  at  Station  33.  The  Mach  pressure  measured  was  101 
kPa  and  from  Figure  32  an  incident  shock  pressure  of  52  kPa  would  be 
predicted.  The  value  recorded  at  UK  Station  16  located  at  the  same 
distance  as  Station  33  was  55  kPa. 

It  must  be  noted  again  that  the  comparisons  have  been  made  from 
data  recorded  on  tests  conducted  with  different  model  designs,  different 
model  scales,  different  model  materials,  different  explosive  charges, 
and  different  charge  configuration.  But  with  all  of  the  above  differ- 
ences, certain  trends  have  been  noted,  and  a better  understanding  of  the 
blast  loading  on  acceptor  magazines  has  been  established. 


3.  Comparison  of  Results  from  Top  of  UK  Structure  3 and  US  St  rue  - 
tore  C. . In  this  section  a comparison  of  results  from  UK  acceptor 
Magazine  3 and  US  acceptor  Magazine  C will  be  made  using  data  from  UK 
gauge  Stations  21  and  22,  and  US  gauge  Stations  C-5  and  C-7.  The 
relative  gauge  station  locations  are  shown  in  Figure  35.  The  values  of 
peak  overpressure  and  positive  impulse  for  full  scale  charge  weights 
are  listed  in  Table  XI.  In  the  bottom  half  of  Table  XI  the  data  have 
been  scaled  to  1 kg  for  a better  observation  of  the  trends  relative  to 
scaled  distance.  At  UK  Station  21  and  US  Station  C-5  the  peak  over- 
pressure shows  a decrease  with  increasing  scaled  distance  while  the 
positive  impulse  has  a mixed  trend.  The  overall  average  scaled  impulse 
for  UK-21  and  US  C-5  is  67.8  kPa-ms/kg^/^  with  a scatter  of  + 11  per- 
cent about  an  arithmetic  mean. 

If  it  is  assumed  that  US  gauge  Station  C-5  and  UK  gauge  Station  21 
are  in  the  Mach  reflection  region,  then  the  incident  shock  overpressure 
can  be  predicted  from  Figure  32.  The  measured  Mach  overpressure  and 
predicted  peak  overpressure  are  listed  in  Table  X.  An  average  of  Mach 
reflection  values  recorded  for  charge  weights  greater  than  64000  kg  is 
269  kPa.  From  Figure  32  an  average  value  of  predicted  incident  peak 
overpressure  of  146  kPa  was  determined.  This  agrees  witli  the  147  kPa 
determined  from  gauge  Station  C-4. 

The  trend  established  for  l)S  gauge  Station  C-7  and  UK  gauge  Station 
22  is,  that  within  the  individual  series  of  tests  the  peak  overpressure 
decreased  with  increasing  scaled  distance.  The  overall  correlation  of 
the  US  and  UK  results  of  the  recorded  peak  overpressure  at  these  two 
stations  is  good. 

The  positive  impulses  recorded  at  US  gauge  Station  C-7  and  l)K  gauge 
Station  22  are  quite  different.  The  positive  impulse  values  recorded 
at  the  US  gauge  Station  C-7  are  much  lower  than  expected  and  it  is 
difficult  to  give  a rational  explanation.  A post  shot  calibration  test 
indicated  no  problem  with  the  time  constant  of  the  gauge.  Test  Series 
1 and  111  give  the  largest  variations  from  an  expected  positive  impulse 

The  decay  in  impulse  recorded  at  gauge  Station  C-7  on  Test  Series 
1,  II,  and  III  was  62,  36,  and  57  percent  of  that  recorded  at  C-5.  The 
decay  in  impulse  recorded  at  UK  Station  22  for  Test  2,  3 and  4 was  22, 
34,  and  30  percent  of  that  recorded  at  UK  Station  21. 


V.  CONCLUSIONS  AND  RECOMMENDAT 1 ONS 

Based  on  the  comparisons  made  between  the  results  from  the  UK  l/10th 
scaled  models,  the  ESKIMO  III  full-size  structure,  and  the  US  l/50th 
scale  models,  it  can  be  concluded  that  blast  loading  on  full  size  struc- 
tures can  be  reasonably  well  predicted.  Trends  can  be  established  that 
might  be  expected  from  accidental  explosions  in  munition  storage  mag- 
azines when  the  earth  cover,  separation  distances  or  amounts  of  munition 
stored  are  varied. 
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Table  XI . Roof  Loading  on  Acceptor  to  Rear  of  Donor 


Charge 

Full  Scale 
Distance 
Metres 

Peak 

Overpressure 

kPa 

Impulse 

kPa-ms 

iference 

Weight 

kg 

C-5/21 

C- 7/22 

C-5/21  C-7/22 

C-5/21 

C-7/22 

UK 

4 

8000 

27.0 

42.3 

101 

43 

1240 

860 

US 

I 

44625 

46.9 

59.6 

237 

149 

2560 

970 

UK 

1 

64000 

43.0 

58.3 

- 

120 

- 

2480 

UK 

2 

125000 

51.0 

66.3 

258 

169 

3260 

2550 

US 

II 

133250 

60.4 

73.1 

263 

181 

3420 

2170 

UK 

3 

216000 

59.0 

74.3 

287 

197 

4510 

2970 

US 

III 

224000 

67.2 

79.8 

268 

198 

3950 

1690 
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Model  tests  of  this  scale  ( 1 /50th)  can  not  be  used  as  a substitute 
for  full  scale  tests  where  the  response  and  proof  testing  of  design 
changes  are  being  studied,  but  they  can  be  used  for  establishing  guide- 
lines in  planning  tests  and  predicting  the  blast  loading  that  might  be 
expected . 
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APPENDIXES 


OVERPRESSURE  AND  IMPULSE  VERSUS  TIME. 

The  Appendixes  A,  B,  and  C will  present  overpressure  and  positive 
impulse  versus  time  recorded  on  US  model  Structures  A,  R,  and  C. 

Results  from  one  shot  only  on  Test  Series  II  will  he  presented  for  each 
structure. 


Appendix  A 
Gauge  Stations 


- Overpressure  and  Positive  Impulse  versus  Time  from 
A-l  through  A-8,  Test  Series  11,  Shot  4. 


Appendix  B 
Gauge  Stations 


- Overpressure  and  Positive  Impulse  versus  Time  from 
B-l  through  B-7,  Test  Series  II,  Shot  3. 


Appendix  C 
Gauge  Stations 


- Overpressure  and  Positive  Impulse  versus  Time  from 
F-l  and  C-l  through  C-8,  Test  Series  II,  Shot  v 


See  Figure 
distances  from 


7 for  the  Test  Layout,  and  Table  II  for  gaugi 
ground  zero. 


st at  ion 
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APPENDIX  A 

OVERPRESSURE  AND  POSITIVE  IMPULSE  VERSUS  TIME  FROM 
GAUGE  STATION  A-l  THROUGH  A-8, 

TEST  SERIES  II,  SHOT  4 


PRECEDING  PAOB  any 


• /4i,  ;1 


kPa-ms 


kPa-ms 


kPa-ms 


kPa-ms 


kPa-ms 


DDESB - VI 
SHOT  3 
STA  B-7 


Figure  B-7.  Overpressure  and  Impulse  versus  Time 


APPENDIX  C 

OVERPRESSURE  AND  POSITIVE  IMPULSE  VERSUS  TIME  FROM 
GAUGE  STATION  C-I  THROUGH  C-8  AND  F-l, 

TEST  SERIES  II,  SHOT  3 
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Figure  C-7.  Overpressure  and  Impulse  versus  Time,  Station  C-7 
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Huntington  Beach,  CA  92647 

Monsanto  Research  Corporation 
Mound  Laboratory 
ATTN:  Frank  Neff 
Miami sburg,  OH  45342 

Physics  International 
2700  Merced  Street 
San  Leandro,  CA  94577 

R5D  Associates 

ATTN:  Mr.  John  Lewis 

P.O.  Box  9695 

Marina  del  Rey,  CA  90291 

Sandia  Laboratories 
ATTN:  Infor  Distr  Division 

Dr.  W.A.  von  Riesemann 
Albuquerque,  NM  87115 

Science  Applications,  Inc. 

8th  Floor 

2361  Jefferson  Davis  Highway 
Arlington,  VA  22202 

Brown  University 
Division  of  Engineering 
ATTN:  Prof  R.  Clifton 
Providence,  RI  02912 

Florida  Atlantic  University 
Dept  of  Ocean  Engineering 
ATTN:  Prof  K.  K.  Stevens 
Boca  Raton,  FL  33432 

Georgia  Institute  of 
Technology 
ATTN:  Dr.  S.  Atluri 
225  North  Avenue,  NW 
Atlanta,  GA  30332 
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l Lovelace  Research  Institute 
ATTN:  Dr.  E.R.  Fletcher 
F.O.  Box  5890 
Albuquerque,  NM  87115 

1 Massachusetts  Institute  of 
Technology 

Aeroelastic  and  Structures 
Research  Laboratory 
ATTN:  Dr.  E.  A.  Witmer 
Cambridge,  MA  02139 

3 Southwest  Research  Institute 
ATTN:  Dr.  H.  N.  Abramson 

Dr.  W.  E.  Baker 

Dr.  U.  S.  Lindholm 

8500  Culebra  Road 
San  Antonio,  TX  78228 

1 Texas  A&M  University 
Department  of  Aerospace 
Engineering 

ATTN:  Dr.  James  A.  Stricklin 
College  Station,  TX  77843 

1 University  of  Alabama 

ATTN:  Dr.  T.  L.  Cost 

P.  0.  Box  2908 
University,  AL  35486 

1 University  of  Delaware 
Department  of  Mechanical 
and  Aerospace  Engineering 
ATTN:  Prof  J.  R.  Vinson 
Newark,  DE  19711 


Aberdeen  Proving  Ground 

Dir,  USAMSAA 

ATTN:  Dr.  J.  Sperrazza 

Mr.  R.  Norman,  GWD 
DRXSY-MP,  H.  Cohen 
Cdr/Dir,  CSL,  EA 
ATTN:  DRDAR-CLJ-L 
Cdr , USATEC0M 

ATTN:  DRSTE-SC.-H 
US  Army  Toxic  and  Hazardous 
Materials  Agency 


